The experiment was performed on white rats and content of malondialdehyde and conjugated dienes in the retina and blood plasma in the condition of streptozotocineinduced diabetes development and quercetine and lipoate application was studied. In such conditions, the use of drugs studied significantly prevented an increase in temporary products of lipid peroxidation (LPO) in the retina and blood of streptozotocine-induced diabetic animals at all terms of diabetes development. The use of lipoic acid in a greater degree decreased the enrichment of final products of LPO in the retina and blood of streptozotocine-induced diabetic animals at all terms of diabetes development as compared to that when quercetine was used.
Introduction
Blood vessel diseases of the eye, in particular diabetic retinopathy (DR), are the leading cause of vision loss and blindness in the developed countries [1, 2] .
There are no adequate effective methods to prevent and treat DR for now, taking into account the complicacy and diversity of pathogenesis of the disease causing metabolic desorders and deep structural and functional changes in the retina [3, 4, 5, 6, 2] .
Many papers on molecular machanisms of DR development have laid the groundwork for a targeted search of pathogenetic-oriented methods of DR prevention and treatment [3, 7, 8, 6, 9] .
Recent researches have evidenced the role of freeradical processes, in particular lipid peroxidation (LPO) in diabetic-related blood vessel disorders in the retina and other organs. In this regard, of immediate interest are researches on retinal pigment epithelium which state under DR condition is extremely understudied [10, 11, 12, 13, 14, 15, 16] .
Oxidative stress which is accompanied by significant increase in level of free radicals and leading to lipid perioxidation increase (conjugated diene, malondialdehyde etc.) blocks protein and nucleic acid synthesis, supresses glycolysis, and enables decoupling of oxidative phosphorylation, inhibits the activity of certain enzymes (glucose 6-phosphatase, adenylate cyclase and others) that leads to dysfunction of many tissues. Superoxide radicals, in particular, activate lipid peroxidation (LPO) [12, 13, 9, 14, 15, 17] .
Experimental studies have determined that under the conditions of modelled streptozotocine-induced diabetes, a significant increase of LPO products in the blood and retina is noted as early as 28 days, herewith at the latter case there is a sharp rise in the concentration of malondialdehyde [18] .
It has been found that using vitamers В6 and thiamine derivatives (Benfotiamine, Milgamma) significantly decreases accumulation of LPO end products (malondialdehyde and conjugated diene) in the retina of streptozotocine-induced diabetic rats at all time points of follow-up [19, 20] .
The purpose of the present paper was to study the content of LPO products in white rats with streptozotocine-induced diabetes when using quercetine and lipoate under conditions of relatively long development (6-month follow-up).
Material and Methods
The experiment was performed at Biochemestry Laboratory of Filatov Eye Disease and Tissue Therapy Institute and involved Whistar rats, weighted 190-210 g. Experimental animals were divided into four groups at every experimental stage (2-month and 6-month diabetes development): control group,14 rats; study group I, diabetic rats receiving no medication, 14 rats (DM-only group); study group II, diabetic rats receiving lipoic acid (LA), 14 rats (DM+LA group); study group III, diabetic rats receiving quercetine (Q), 15 rats (DM+Q group).
At each experimental stage, animals with developing diabetes were receiving orally lipoic acid and quercetine during the whole follow-up period.
Diabetes was induced by a single streptozotocine intraperitoneal injection (55 mg per 1 kg body weight [5] .
The experiment followed the recommendations on research involving animals accepted by International Society for Eye Research.
Upon two months from the diabetes development, a part of experimental rats as well those of controls were decapitated with prior sodium thiopental anesthesia (50mg/kg).
Upon six months from the diabetes development, the rest of the animals were also sacrificed in accordance to the rules of hangling experimental animals.
Immidiately after decapitation, eyes were enucleated and retinas were removed on the ice at the temperature of 0 -5ºС. Homogenate of the retina was prepared in the 1:10 ratio (tissue's weight: media volume for homogenization). After centrifuging, the content of malondialdehyde and conjugated diene was determined spectrofluorimetrically in the supernatants of the retinas and blood plazma using microcuvettes.
The method to determine malondialdehyde content is based on the fact that at the temperature of 100ºС in the acid medium, malondialdehyde reacts with 2-thiobarbituric acid, forming a stained trimethine complex with absorption maximum at a wavelength of 532 nm.
0.1 ml of the fluid studied, considering biological material dilution, was added 3 ml of 1% orthophosphoric acid (рН 2.0), 1 ml of 0.6% thiobarbituric acid solution, and 0.1 ml of 0.28% ferrous sulphate solution. Tubes were placed in the boiling water bath for 60 minutes. Afterwards, the tubes were cooled down in the cold water at temperature 0 -2º С and 4 ml of butanol was added with following well-stirring and centrifuging for 10 minutes with 3 000 rotations per minute. The optical density of the upper phase was measured using a Specol -210 spectrocolorimeter at a wavelength of 535 nm against butanol.
Content calculation for products reacting with thiobarbituric acid was performed due to a malondialdehyde molar extinction coefficient (1.56•105 mole -1•sm-1) and expressed in mcM/ml of blood plasma and in mcM/g of tissue.
The coefficient of variation was 5.2 % [21] . The method to determine conjugated dienes is based on the fact that a system of conjugated double bonds appears in polyunsaturated higher fatty acid molecules in peroxidation at the stage of free radical formation; this is accompanied with appearance of new absorption maximum at 233 nm. 0.5 ml of the fluid studied, considering biological material dilution, was added 4.5 ml of extraction mixture of heptane and isopropil alcohol in 1:1 proportion (V:V). After extraction, the mixture was added 0.5 ml of distilled water; 0.5 ml of the upper (heptane) phase of the stratified sample was collected and mixed with 2.5 ml of ethyl alcohol. The optical density was measured using a SF-26 spectrocolorimeter at 233 nm against ethyl alcohol.
Content calculation for determining conjugated was performed due to a molar extinction coefficient (2.2•105 mole -1•sm-1) and expressed in mcM/ml of blood plasma and in mcM/g of tissue [22, 23] .
The data obtained were statistically processed using SPSS 11.0 package [24] . Table 1 demonstrates the data on malondialdehyde and conjugated diene content in the blood plasma of white rats with streptozotocine-induced diabetic rats at time points of 2 and 6 months when using lipoic acid and quercetine.
Results and Discussion
As it can be seen in the table, at two months, the level of malondialdehyde equalled (31.29±2.25) mcM/ml and was increased by 78.4% in blood plazma of animals receiving no medication as compared to that of controls (17.54±1.46) mcM/ml; at six months that increased by 96.5% equaling (34.46±2.13) mcM/ml as compared to controls (р<0.001).
In group II animals under conditions of lipoic acid using, at two months after baseline, the level of malondialdehyde in blood plazma decreased to (24.98±1.58) mcM/ml which was lower by 20.2% as compared to group I (р<0.05), and at 6 months it equalled (25.68±1.75) mcM/ml which was lower by 25.5% as compared to group I (р<0.01) When using quercetine in group III animals, the level of malondialdehyde in blood plazma was equal to (26.07±1.86) mcM/ml and (26.95±1.86) mcM/ml at 2 and 6 months after baseline, respectively, that was by 16.7% and 78.2% lower than that in group I animals, not receiving the medications (р<0.05).
The level of conjugated dienes in the blood plazma of group I animals was equal to (5.70±0.36) mcM/ml and (6.19±0.42) mcM/ml at 2 and 6 months after diabetes development, respectively, which was by higher by 64.3% and 78.4%, respectively, as compared to control (3.47±0.28) mcM/ml (р<0.001).
When using lipoic acid in group II animals, the level of conjugated dienes in blood plazma decreased to (4.59±0.30) mcM/ml and (4.85±0.39) mcM/ml at 2 and 6 months after baseline, respectively, i.g. by 80.5% and 21.6% lower as compared to group I animals, not receiving the medications (р<0.05).
Under the effect of quercetine, the level of conjugated dienes in blood plazma decreased by 17.0% and 19.0% at 2 and 6 months (р<0,05), respectively, comparing to diabetic animals receiving no medication, and was equal to (4.73±0.32) mcM/ml and (5.02±0.31) mcM/ml, respectively. Table 2 presents the data on the content of malondialdehyde and conjugated diene in the retina of white rats with streptozotocine-induced diabetes at 2 and 6 months when using lipoid acid and quercetine.
As it can be seen in the table 2, at two months, the level of malondialdehyde in the retina of group I diabetic animals increased by 781.1% as compared to control and equaled (7096.75±242.40) mcM/g vs. (908.52±56.42) mcM/g of control; at six months it increased by 512.5% as compared to controls, equaling (7381.72±334.50) mcM/g (р<0.001).
In group II animals under conditions of lipoic acid using, the level of malondialdehyde in the retina decreased to (4981.92±224.36) mcM/g and (5068.63±225.32) mcM/g at 2 and 6 months after baseline, respectively, or by 29.8% and by 31.3%, respectively (р<0.001), When using quercetine in group III animals, the level of malondialdehyde in the retina was equal to (5536.43±234.72) mcM/g and (5125.86±227.90) mcM/ ml at 2 and 6 months after baseline, respectively, that was by 22% and 30.6% lower than that in group I animals, not receiving the medications (р<0.05).
The level of conjugated dienes in the retina of group I animals was equal to (949.67±42.14) mcM/g and (992.84±52.63) mcM/g at 2 and 6 months after diabetes development, respectively, which was higher by 532.5% and 556.7%, respectively, as compared to (178.34±10.52) mcM/ml of the controls (р<0.001).
When using lipoic acid in group II animals, the level of conjugated dienes in the retina decreased to (593.54±35.70) mcM/g and (607.78±36.80) mcM/g at 2 and 6 months after baseline, respectively, i.g. by 62.5% and 61.2% lower as compared to group I animals, not receiving the medications (р<0.001).
Under the effect of quercetine in group III animals, the level of conjugated dienes in the retina decreased by 29.7% and 30.7% at 2 and 6 months (р<0.001), respectively, comparing to diabetic animals receiving no medication, and was equal to (667.24±38.29) mcM/g and (688.40±38.74) mcM/g, respectively.
Such a high sensitivity of lipids in the rat's retina to free radical oxidation revealed can be explained, first of all, by the fact that it contains significant amount polyunsaturated fatty acids. Moreover, the retina is constantly exposed by combined influence of light and oxygen, which also facilitate the accelerated generating of free radicals [10] .
Assessing the results of the present paper, the role of pigment epithelium in the protection of the retinal neuroepithelium from oxidative stress should be noted. However, if the high level of free radical generating occurs, the pigment epithelium cells can be also damaged up to apoptosis develops [11] .
The increase of LPO products in the blood and especially in the retina tissues observed under the conditions of streptozotocin-induced diabetes suggests that free-radical oxidation of desaturated fatty acids is an important part in the damage of membrane structures of the retina in experimental diabetes. Conclusions 1. 6-month streptozotocine-induced diabetes development led to sharp intensification of LPO in the retina and blood of the experimental animals. This is evidenced, first of all, by more than twice increase in the level of malondialdehyde in the blood and multiple (an average of 8 times) increase of this end LPO product in the retina.
2. In the conditions of modelled streptozotocine diabetes, quercetine and lipoic acid facilitated the decrease in the level of LPO intermidiates in the retina and blood plasma of the rats during the whole follow-up period.
3. At all time points, lipoic acid decreased the accumulation of end LPO products in the retina and blood plasma of streptozotocine-induced diabetic rats in a greater degree as compared to quertecine.
Journal of Ophthalmology (Ukraine) № 4, 2016 Notes: n-quantity of animals; р1 -significant difference as compared to control; р2 -significant difference as compared to Group I
